Background: The U.S. Food and Drug Administration (FDA) is working to introduce new graphic warning labels for cigarette packages, the first change in cigarette warnings in more than 25 years. We sought to examine whether warnings discouraged participants from wanting to smoke and altered perceived likelihood of harms among adolescent males and whether these warning effects varied by age.
Introduction
To address harms caused by tobacco use, which is the leading cause of preventable deaths worldwide [1] , the World Health Organization calls for the implementation of large warning labels on tobacco products [2] . Many nations have already adopted this approach [3] . In November 2010, the U.S. Food and Drug Administration (FDA) proposed new graphic warning labels for cigarette packages [4] . Although the implementation of these specific graphic warnings was blocked by the court, the FDA will propose new graphic labels in the future as required by the Family Smoking Prevention and Tobacco Control Act [5] [6] [7] .
The FDA's previously proposed warnings included both images and text, and future warnings will do the same [6] . Surveys, as well as some experimental studies with non-U.S. populations or current smokers, indicate that warnings with images are generally more effective for increasing motivation to not smoke or attempt quitting than text-only warnings [8] . However, at least one experimental study suggests that this finding may not hold true for non-smoking U.S. adolescents [9] .
The previous FDA labels, and most likely future labels as well, contain warnings about different harms from smoking, including lung cancer and addiction, both of which are addressed by warning labels currently in use in other countries. Adolescents may perceive some harms as more salient than others. Lung cancer, a concrete medical consequence that may elicit specific mental images (e.g., blackened lungs and oxygen tanks), might be easier for adolescents to appreciate than addiction, a more abstract concept that may not call to mind specific images. On the other hand, adolescents tend to discount long-term consequences and place more weight on short-term outcomes compared to adults, and thus they might be less concerned about lung cancer, a longterm consequence, than addiction, a short-term consequence [10] . These two harms also vary in their applicability to adolescents. Addiction develops quickly after smoking initiation and could affect teen smokers personally [11] . Lung cancer takes longer to develop, so it is unlikely to affect teen smokers in the immediate aftermath of smoking initiation.
Ability to understand harms could also vary by the age of the adolescent [12, 13] . For example, between ages 10 and 18, children become more likely to anticipate the consequences of their actions [10] . Beliefs about the addictive properties of smoking decrease between ages 11-14, but begin to increase between ages 15-18, and beliefs that smoking could be personally harmful follow the same pattern during these years [14] . Thus, warnings that focus on different types of consequences (e.g., short-term versus long-term, addiction versus other harms) of smoking may vary in their impact on smoking risk beliefs and motivations for adolescents of different ages.
Because most smokers begin smoking during adolescence and males are more likely to use tobacco products than females [15] , it is important to understand how male adolescents respond to cigarette package warnings. The purpose of this study was to examine whether different types of warnings discouraged wanting to smoke and altered perceived likelihood of harms among adolescent males. To distinguish adolescents' risk judgments about themselves from other risk judgments, we asked about their own beliefs about the likelihood of experiencing harms as well as what they thought an expert would say about the likelihood. We also sought to understand the role of age in adolescents' reactions to the warnings. We predicted that warnings would increase the perceived likelihood of smoking-related harms and discourage wanting to smoke more if they focused on lung cancer (versus addiction) or contained images (versus text-only warnings). Finally, we also conducted exploratory analyses examining whether older adolescents, who are at greater risk of starting to smoke [16] , responded differently to the warnings than younger adolescents.
Materials and Methods

Participants
During August and September 2010, boys ages 11-17 completed an online survey [17] . Their parents were members of a national panel of U.S. households constructed by Knowledge Networks through list-assisted, random-digit dialing supplemented by address-based sampling to capture cell phoneonly households [18] . In exchange for participation in surveys, parents received points that they could later redeem for small cash payments. Households without Internet access received laptops and free Internet access. Boys received 5,000 points (worth about $5) for completing the survey. The survey company sent email invitations to participate in the study to 1,195 parents likely to have sons in the target age range. Among those who responded to their invitations (n = 752, 63%), 73% (n = 547) were eligible and completed the parent survey. We asked them to allow their adolescent sons to also participate. In households with more than one son age 11-17, we chose the son with the most recent birthday. Of the 547 parents, 421 (77%) had adolescent sons who also completed surveys. For the present analysis, we report data from 386 adolescent males, having excluded 35 adolescents who reported smoking at the time of the study (8% of the sample).
Ethics statement
The Institutional Review Board at the University of North Carolina approved the study. Parents provided written consent, and sons provided written assent.
Procedure
Survey software randomly assigned sons to view a cigarette warning (Figure 1 ) in one of four conditions in a 262 betweensubjects factorial experiment. We refer to these factors throughout the paper as ''harm type'' (addiction versus lung cancer) and ''imagery'' (text-only versus text with an image). We varied harm type by stating on the warning either ''Smoking is highly addictive'' (harm of addiction) or ''Smoking causes fatal lung cancer'' (harm of cancer). We chose these two harms because most adolescents know that smoking causes addiction and lung cancer [19, 20] , and we wished to focus on risk perceptions, rather than knowledge of harms. We varied imagery by presenting one of these statements alone (text-only condition) or with an image (text with image condition). Because we wished to evoke thoughts about personal harm, we selected images of recognizably suffering individuals. Specifically, we chose an image of a man behind prison bars made of cigarettes to evoke addiction and a man in a hospital bed breathing through a ventilator to evoke lung cancer. The selected images are both currently in use on European cigarette packs [21] . Participants were randomized to see only 1 of the 4 warnings (text-only with addiction, image with addiction, text-only with lung cancer, or image with lung cancer). We pretested the warnings and survey with a sample of 23 adolescent males, and they reported no difficulty understanding and completing the items. A manipulation check with young adults found that warnings with images were more vivid than text-only warnings (p,.05). However, the vividness of warnings with lung cancer did not differ from those with addiction. All of the warnings received equivalent ratings of their ability to elicit self-efficacy to not smoke.
Measures
While viewing the randomly assigned warning, participants responded to the question, ''How much does this discourage you from wanting to smoke cigarettes?'' The item had a 5-point response scale labeled from ''not at all'' (coded as 1) to ''very much'' (5). After the warning was no longer on screen, participants answered three questions in random order about the perceived likelihood and imaginability (i.e., the ease of picturing the harmful consequence) of addiction and the same three questions also in random order about lung cancer. Parent surveys assessed sons' age, health insurance status, race (white or non-white), and ethnicity (Hispanic/Latino or nonHispanic/Latino), as well as parents' marital status, education, and smoking habits. We classified parents as having ''never smoked'' (smoked less than 100 cigarettes in their lifetimes (n = 172) or refused to answer (n = 3)), being ''former smokers'' (smoked more than 100 cigarettes in their lifetimes but not current smokers), or being ''current smokers'' (smoke cigarettes some days or everyday). The survey also assessed household characteristics: income, urbanicity (as described by the Census Bureau definition of metropolitan statistical areas) [22] , and region of residence (Northeast, Midwest, South, and West). Other than demographic questions answered by parents, our analyses are based on sons' responses. The complete parent and son surveys are available online [23] .
Data analyses
Preliminary analyses included linear regressions to identify demographic correlates of the seven dependent variables (discouragement from wanting to smoke and beliefs about the likelihood and imaginability of harms). Based on these analyses, we included race as a covariate in the remaining regression analyses because white race was bivariately associated with greater personal views of likelihood of addiction, greater expert views of likelihood of lung cancer, and lower imaginability of addiction (all p's,.05). Linear regression analyses modeled the main and two-way interaction effects of the two experimental factors (imagery and type of harm) and adolescent's age on the seven dependent variables. Analyses used age centered about the mean [24] . We present regression coefficients as standardized betas (bs).
We compared the imaginability of lung cancer and addiction using a paired t-test and then used within-subjects ANOVA to examine the effects of viewpoint (own perceived likelihood or perception of expert's view of likelihood) and harm (addiction or cancer) on likelihood estimates. We analyzed data with SPSS version 17.0 (SPSS Inc., Chicago, IL). Statistical tests were twotailed with a critical alpha of 0.05.
Results
Adolescents' mean age was 13.8 years (Table 1) . Most were white (77%) and lived in urban areas (83%). About half of parents reported a household income of less than $60,000 (51%). Only 17% of parents were current smokers; most parents had never smoked (45%) or were former smokers (38%). Adolescent participants viewed the screen with the warning for a mean of 18 seconds (median 14 seconds). Our randomization check indicated only one of the ten sociodemographic characteristics (urbanicity) differed by condition (p = .04), but this characteristic was not associated with any of the dependent variables.
Discouragement from wanting to smoke
Most participants were ''quite a bit'' (20%) or ''very much'' (48%) discouraged from wanting to smoke by the warnings. As predicted, adolescents who viewed warnings with lung cancer messages were more discouraged than adolescents who viewed warnings with addiction messages (b = .28, p,.001) (Figure 2) , with 60% being ''very much'' discouraged by lung cancer warnings versus 34% for addiction warnings. Contrary to prediction, there were no main or interaction effects of imagery (i.e., text with image versus text-only) on ratings of discouragement from wanting to smoke (Table 2) . Age was not related to discouragement.
Lung cancer
Perceived likelihood of lung cancer. The majority of participants rated their personal chance of developing lung cancer as ''high chance'' (38%) or ''almost certain'' (21%) if they were to start smoking at least once a week, and they believed an expert would rate their chance of developing lung cancer similarly (44% and 25%, respectively). Neither imagery (i.e., text with image versus text-only) nor harm type (i.e., addiction versus cancer) affected adolescents' own perceptions of the likelihood of lung cancer (Table 2) .
There was an interaction between age and adolescents' beliefs about an expert's view of the likelihood of lung cancer (p = .04). Imaginability of lung cancer. The majority of adolescent males found lung cancer to be ''sort of hard'' (30%) or ''very hard'' (46%) to imagine. Neither the type of harm nor the presence of imagery impacted the imaginability of lung cancer. Older adolescents found lung cancer to be more imaginable than did younger adolescents (b = 2.10, p = .045).
Addiction
Perceived likelihood of addiction. Most participants rated their chance of becoming addicted if they were to start smoking at least once per week as ''high chance'' (32%) or ''almost certain'' (35%) and believed that an expert would say they had ''high chance'' (35%) or an ''almost certain'' (44%) chance. There were no main or interaction effects of imagery or harm type on likelihood beliefs.
However, there was an interaction between harm type and age of the adolescents (p = .04). When viewing warnings with addiction messages, perceptions of an expert's estimates of addiction likelihood decreased with age (p = .02), whereas when viewing warnings with lung cancer messages, these perceptions did not change with age (p = .44). There was no interaction between imagery and age.
Imaginability of addiction. Most participants found addiction to be ''sort of hard'' (22%) or ''very hard'' (37%) to imagine. There were no effects of harm type, imagery, or age on the imaginability of addiction.
Within-subjects analysis of perceived likelihood and imaginability of harms
Contrary to our prediction, participants found it harder to imagine having lung cancer than becoming addicted ( 
001).
Participants also believed that experts would rate them as more likely to experience any harm than they would rate themselves (means 3.97 vs. 3.72, F (df 1, 385) = 59, p,.001). There was no interaction effect of role (own versus expert rating) and harm type on perceived likelihood beliefs.
Discussion
Common sense suggests that frightening images should scare kids away from smoking. However, in this sample, warnings with these graphic images did not discourage adolescent males from wanting to smoke more than text-only warnings. Images also did not increase adolescents' perceived risk of smoking's harms.
Past experiments and survey studies have typically found warnings with graphic images to have more impact than textonly warnings [8] . For example, in one within-subjects experiment, young adults were more discouraged from smoking by graphic warning labels with images than by text-only labels [25] . However, respondents in that study were older (ages 18-24) than participants in the present study and were current or former smokers, suggesting that they may have been less naïve about smoking and therefore had different responses to the warnings. Another study that used a design (a between-subjects experiment) and population (non-smoking adolescents) similar to our study found that text-only warning labels were more effective for reducing non-smoking American teenagers' intentions to smoke, while labels with images were more effective for non-smoking teenagers from Canada, which had already adopted such labels [9] .
Potential reasons why warnings with images were not more effective in our study than warnings without them include that participants in our study were young (less than 17 years of age) and non-smokers. Because of their youth or lack of smoking experience, they may have had fixed, non-nuanced beliefs about the dangers of tobacco use that inclusion of imagery could not change. The null findings could also reflect the brief period of the exposure (i.e., the warning appeared on only one screen) or our choice of images. Not all pictorial health warnings are equally effective [26] [27] [28] . The images we chose were not gruesome, and gruesome images appear to be more effective in motivating young adult smokers to quit or not initiate smoking [29] . Further, neither image was an explicit image of diseased body part (e.g., mouth ulcers), and such images appear to be more effective than either symbolic images (like on the addiction warning) or images of human suffering (like on the lung cancer warning) [26, 28] . We also hypothesized that warnings focused on the harm of lung cancer would affect adolescents more than warnings focused on addiction. We found partial support for this hypothesis. Perceptions of the likelihood of lung cancer and addiction did not differ by condition. However, lung cancer-focused warnings discouraged participants from wanting to smoke more than addiction warnings. Cancer is widely feared. Holland and Cullen describe ''cancerophobia,'' a dysfunctional fear of the ''five D's'' of cancer: death, disfigurement, disability, dependence, and disruption of key relationships [30] . Cancer is also more concrete and perhaps easier to understand than addiction. Moreover, cancer is deadly, while addiction has to cause other sequelae in order to be deadly. Regardless of warning viewed, participants found it easier to imagine addiction than lung cancer overall, perhaps because they had previously seen people addicted to nicotine, but not people with lung cancer, in the media or among friends and family. That imaginability of lung cancer increased with age lends credence to the exposure explanation.
Respondents believed that their actual risk of harm was lower than what an expert would say, a finding that suggests unrealistic optimism [31] . If experts' opinions reflect average people's risk of harm, believing oneself to be at lower risk than what an expert would say is consistent with a self-enhancing optimistic bias (i.e., the participant believes he is luckier, healthier, or has more Table 2 . Effects of warning imagery and respondent age (n = 386). willpower than the average person) [32] . Alternatively, participants might have felt that experts were overstating their risk of harm to scare them away from smoking. We suspect that beliefs about one's own risk may be more closely held and less changeable than beliefs about expert opinions of risk. One implication is that changes to expert risk beliefs may be easier to achieve. The impact of image-based warnings on experts' likelihood of developing cancer remained constant across ages, while for text-only warnings, experts' risk beliefs about lung cancer were lower among older respondents. Younger adolescents may view text-only messages as strict, authoritative statements that reflect expert opinions that smoking leads to high risk of lung cancer, but the tendency to view messages in this way decreases with age. Viewing ''stronger'' warnings (those with images), rather than ''weaker'' (text-only) ones, may counter this tendency for older adolescents.
Participants' perceptions of what an expert would say about their chance of becoming addicted also varied by age and warning type. Although their perceptions of what an expert would say about their chance of addiction decreased with age when viewing warnings about addiction, it remained constant for lung cancer warnings. One possibility is that adolescent males' views about experts' opinions and average likelihoods become more nuanced with age: they no longer view addiction as completely inevitable, or they can see how experts might be fallible. Respondents only engaged in this thinking about their chances of addiction when the warning they saw was on-target (i.e., related to addiction). Offtarget warnings (i.e., related to lung cancer) did not affect these perceptions, perhaps because they did not induce deeper cognitive processing about the likelihood of addiction.
This study benefited from the use of a sample of adolescents from all regions of the country with proportions of white race and Hispanic/Latino ethnicity similar to the national average [33] . In addition, the experimental design permits causal inference, although conducting the experiment at a single time point did not enable us to assess whether discouragement led to future abstinence from smoking. However, non-smoking adolescents' decisions to avoid smoking strongly predict their later smoking behavior [34] . A limitation of the study is that participants saw cigarette warnings online as freestanding images rather than on cigarette pack silhouettes viewed online or on actual cigarette packs handled in person. Additionally, they only viewed the warnings while answering one item, so exposure was lower than what it would be in a naturalistic setting. While studies using actual cigarette packs are needed to confirm our findings, especially given that pack features can impact responses to warning labels [35] , they may be hard to conduct with a national sample as we interviewed in the present study. Finally, future studies may derive some benefit from including more than two exemplar warnings per manipulation in order to confirm that the present findings about these particular lung cancer and addiction warnings generalize to other lung cancer and addiction warnings, including those ultimately selected by the FDA for future use.
The implementation of graphic cigarette warning labels is currently on hold. In November 2011, a U.S. District Judge blocked the FDA from requiring tobacco companies to put the previously selected labels on cigarette packages [5] , and in April 2013, the FDA announced that they would not appeal this decision [6] . This announcement means that the FDA will need to select new graphic labels to meet the requirements of the Family Smoking Prevention and Tobacco Control Act [6, 7] . Understanding how adolescents at risk of smoking respond to different warnings can inform the future research needed to develop new warning labels. It is promising that, after viewing cigarette warnings, adolescent males were very discouraged from wanting to smoke and perceived high likelihood of experiencing harm. However, our study suggests the importance of having warnings that focus on cancer over addiction because cancer warnings were more discouraging and greater exposure to images of cancer could improve the imaginability of this serious potential harm. Ultimately, graphic warning labels on cigarette packs could be a valuable addition to other strategies shown to help prevent youth smoking, including mass media campaigns, cigarette taxes, clean air laws, age limits on purchasing, and advertising bans [15] .
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